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IMPROVEMENTS IN AND RELATING TO BEARINGS 


This invention relates to an improved bearing. 
Particularly the invention relates to an improved bearing 
assembly, e.g. a thrust bearing assembly, which may be used 
in down-hole applications, e.g. down-hole drilling 
applications . 

Thrust bearing assemblies for use in down-hole 
applications have the conflicting requirements of a thick 
shaft assembly and high axial load bearing capacity ir. a 
small cross-section. To achieve this a number of thrust: 
bearings may be mounted in line to provide sufficient lead 
and shock capacity. In conventional bearing assemblies 
this introduces a problem as the load may not be shared 
equally between the series of bearings which may result in 
excessive wear or failure of one or more of the bearings. 
This problem can be mitigated by use of assemblies of 
springs and spacers. However, these tend to be complex ir. 
nature. An additional problem in down-hole apparatus is 
that space tends to be limited. 

It is an object of ac least one aspect of the present 
invention to obviate or mitigate the aforementicr.ee 
problems in the prior art. 

It is a further object of at least one aspect of the 
present invention to seek to provide a flexible, lead 
sharing, anti-friction bearing assembly/unit. 

According to a first aspect of che present invention 
there is provided a bearing assembly having at least two 
bearing elements spaced by a first body, the first bedy 
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having means for flexing. 

Thus when a load is applied to the bearing assembly 
the first body may be caused to flex. 

Advantageously the flexing means may comprise at lease 
5 one groove or notch formed on the first body. 

Preferably the first body is substantially annular in 
shape, the at least one groove preferably being formed or. 
an outer surface of the first body. 

Advantageously the groove is substantially U-shaped. 
!0 The first body may be rigidly mounted to a body to £ 

which load is applied, in use. 

Preferably a first annular surface of the first body 
is provided with a first annular raceway. 

Preferably also, a second annular surface of the first 
15 body is provided with a second annular raceway. 

Advantageously the first and second bearing elemer.es 
each comprise a plurality of balls, the first and second 
bearing elements preferably being received for movement: 
within the first and second annular raceways of the f^rs" 
2 0 body . 

According to a second aspect of the present invention 
there is provided a bearing unit comprising at lease one * 
and preferably a plurality of bearing assemblies according 
to the first aspect. 
25 Advantageously each adjacent bearing assembly are 

spaced by a second body. 

Preferably the second body is substantially annular in 

shape . 

The second body may be rigidly mounted to a further 
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body to which load is not (directly) applied in use. 

Preferably a first annular surface of the second body 
is provided with a first annular raceway. 

Preferably also, a second annular surface of the 
5 second body is provided with a second annular raceway. 

Advantageously, respective first and second bearing 
elements may be received for movement within the first and 
second annular raceways of the second body. 

Advantageously, adjacent first bodies are spaced by a 
^ ' io respective first spacer element. 

Advantageously also, adjacent second bodies are spaced 
by a respective second spacer element. 

According to a third aspect of the present invention 
there is provided a tool or apparatus including a bearing 
15 assembly according to the first aspect of the present 
invention or a bearing unit according to the second aspect 
of the present invention. 

The tool may be a down-hole tool, e.g. for use in a 
borehole of an oil/gas well. 
^ 20 The tool may comprise part of a borehole drilling 

apparatus, which may include a down-hole motor such as a 
* Moineau motor of a motor as disclosed in WO 95/19488, the 

content of which is incorporated herein by reference. 

The first body may be rigidly mounted to a shaft to 
25 which load is applied, in use. 

The shaft may be contained substantially 
concentrically within the bearing assembly/unit. 

The second body may be rigidly mounted to a housing. 
The housing may substantially concentrically surround 



the bearing assembly/unit. 

Advantageously, adjacent first bodies are 
longitudinally spaced by a first spacer element, which may 
also be mounted on the shaft. 
5 Advantageously also, adjacent second bodies are 

longitudinally spaced by a second spacer element, which may 
also be mounted on the housing. 

An embodiment of the present invention will now be 
described, by way of example only, with reference to the 
10 accompanying drawings, which are: 

Fig. 1 a portion of a down-hole tool including a 

bearing assembly according to an embodiment of the 

present invention; 

Fig. 2 a perspective view of a portion of the bearing 
15 assembly of Fig. 1. 

Referring initially to Fig. 1 there is illustrated a 
portion of the down-hole tool, generally designated 5, 
according to an embodiment of the present invention. The 
cool 5 may cake che form of a borehole drilling apparatus. 
20 The tool 5 includes a bearing unit (pack) 10 comprising a 

series of adjacent bearing assemblies 15 - in this 
embodiment: chree assemblies 15 are provided. 

Each bearing assembly 15 has two anti- friction bearing 
elements 4 00 spaced by a first body 50 0, the first body 50 0 
2 5 having means for flexing. Thus, when a load is applied cc 
the bearing assembly 15, the first body 500 is caused tc 
flex. In this embodiment the flexing means comprise a: 
least one groove 510 formed on the first body 500. 

The first body 500 is substantially annular in shape, 


5 

the at least one groove 510 being formed on an oucer 
surface of the first spacer body 500. As can be seen from 
Figs. 1 and 2 the groove 510 is substantially U-shaped. 

The first body 500 is rigidly mounted to a shaft 600 
5 to which load is applied, in use, the shaft 600 being 
substantially concentrically contained within the bearing 
unit 10. The shaft 600 may be hollow and may have a 
socket 610 for connection, e.g. to a drill bit or the like 
(not shown) . 

10 A first annular surface 610 of the first body 500 is 

provided with a first raceway 620. Further a second 
annular surface 63 0 of the first body 500 is provided wish 
a second annular raceway 640. The first and second 

bearing elements 400 each comprise a plurality of balls, 

15 the first and second bearing elements 400 being received 
for movement within the first and second annular raceways 
620, 640 of the first body 500. 

The bearing unit 10 comprises a plurality of bearing 
assemblies 15. Each adjacent bearing assembly 15 are 

20 spaced by a second body 200. Each second body 200 is 
substantially annular in shape. The second bodies 200 are 
rigidly mounted to an outer housing 100 :o which load is 
not (directly) applied, in use. 

A first annular surface 650 of each second body 200 is 

25 provided with a first annular raceway 550. A second 
annular surface 670 of each second bodies 200 provided 
between adjacent assemblies 15 is provided with a second 
annular raceway 680. Second bodies 200 provided at ends 
of the unit 10 are only provided winh one raceway 660. 
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In this way respective first and second receiving elements 
4 00 are received for movement within the first and second 
annular raceways 6 60, 670 of the second spacer body 200. 

Referring to Fig. 1 the second bodies 200 are rigidly 
5 mounted to a housing 100. The housing 100 substantially 
concentrically surrounds the bearing unit 10. 

A first raceway 620 of the first spacer body 500 faces 
a second raceway 680 of a second body 200. Similarly a 
second raceway 640 of the first body 500 faces a first: 
10 raceway 660 of a second body 200. 

As can be seen from Fig. 1 the first bodies 500 are 
longitudinally spaced along the shaft 600 and separated by 
first spacer elements 700 which may be rigidly mounted to 
the shaft 600. Further as can be seen from Fig. 1 the 
15 second bodies 200 are longitudinally spaced along the 
housing 100 and separated by second spacer elements 300 
* which may be rigidly mounted to the housing 100. 

It is noted that the shaft 600 is free to rotate 
relative to the housing 100. Thus the first bodies 502 
20 may rotate relative to the second bodies 200. 

The components of the tool 5 may, in this embodiment 
be made from the following materials: 

housing 100 - steel 

25 second bodies 200 - hardened steel 

second spacer elements 300 - steel 

bearing elements 400 - hardened steel 

and/or ceramic 

30 first spacer bodies 500 - hardened steel 


7 


shaft 600 

first spacer elements 700 

5 In use, the flexibility of each bearing assembly 15 

provides load sharing throughout the bearing unit 10. 
This flexibility is imparted by the grooves 510. As a 
(thrust) load F is applied to the shaft 600 a first body 
500 deflects or flexes under the load F seeking to ensure 

10 that the next first bodies 500 are suitably positioned such 
that some of the load is then transferred through the 
adjacent inner spacer 700 to the next first body 500 and so 
on. This seeks to ensure that the load F is spread evenly 
between the bearing assemblies 15 in the unit 10, and is 

15 not supported by a single bearing assembly 15. Thus the 
load F is distributed in a way which is not possible using 
known rigid bearing assemblies. As each body 200, 500 is 
double sided the load F may be either tensile or 
compressive. In either case the load F will be shared 

20 over each of the bearing assemblies 15 of the unit 10. 

It will be appreciated that the embodiment of the 
present invention hereinbefore described is given by way of 
example only, and is not meant to limit the scope of the 
invention in any way. It will, for example, be understood 

25 that the number of bearing assemblies forming a bearing 
unit may be selected to provide a desired load capacity. 


steel 
steel 
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IMPROVEME NTS IN AND RELATING TO BEARINGS 


This invention relates to an improved bearing. 
Particularly the invention relates to an improved bearing 
5 assembly, e.g. a thrust bearing assembly, which may be used 
in down-hole applications, e.g. down-hole drilling 
applications . 

Thrust bearing assemblies for use in down-hole 
applications have the conflicting requirements of a thick 

10 shaft assembly and high axial load bearing capacity ir. a 
small cross-section. To achieve this a number of thrust: 
bearings may be mounted in line to provide sufficient lead 
and shock capacity. In conventional bearing assemblies 
this introduces a problem as the load may not be shared 

15 equally between the series of bearings which may result in 
excessive wear or failure of one or more of the bearings . 
This problem can be mitigated by use of assemblies of 
springs and spacers. However, these tend to be complex ir. 
nature. An additional problem in down-hole apparatus is 

20 that space tends to be limited. 

It is an object of at least one aspect of the present: 
invention to obviate or mitigate the aforementioned 
problems in the prior art . 

It is a further object of at least one aspect of the 

25 present invention to seek to provide a flexible, lead 
sharing, anti-friction bearing assembly/unit. 

According to a first aspect of che present invention 
there is provided a bearing assembly having at least two 
bearing elements spaced by a first body, the first bedy 


2 



having means for flexing. 

Thus when a load is applied to the bearing assembly 
the first body may be caused to flex. 

Advantageously the flexing means may comprise at lease 
5 one groove or notch formed on the first body. 

Preferably che first body is substantially annular in 
shape, the at least one groove preferably being formed or. 

♦ 

an outer surface of the first body. 

Advantageously the groove is substantially U-shaped. 
10 The first body may be rigidly mounted to a body to ^ 

which load is applied, in use. 

Preferably a first annular surface of the first body 
is provided with a first annular raceway. 

Preferably also, a second annular surface of the firsc 
15 body is provided with a second annular raceway. 

Advantageously the first and second bearing elemer.es 
each comprise a plurality of balls, the first and second 
bearing elements preferably being received for movement: 
within the first and second annular raceways of the first 
2 0 body. ^ 

According to a second aspect of the present invention 
there is provided a bearing unit comprising at lease one * 
and preferably a plurality of bearing assemblies according 
to the first aspect. 
25 Advantageously each adjacent bearing assembly are 

spaced by a second body. 

Preferably the second body is substantially annular in 
shape . 

The second body may be rigidly mounted to a further 
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body to which load is not (directly) applied in use. 

Preferably a first annular surface of the second body 
is provided with a first annular raceway. 

Preferably also, a second annular surface of the 
5 second body is provided with a second annular raceway. 

Advantageously, respective first and second bearing 
elements may be received for movement within the firsc and 
second annular raceways of the second body. 

Advantageously, adjacent first bodies are spaced by a 
10 respective first spacer element. 

Advantageously also, adjacent second bodies are spaced 
by a respective second spacer element. 

According to a third aspect of the present invention 
there is provided a tool or apparatus including a bearing 
15 assembly according to the first aspect of the present 
invention or a bearing unit according to the second aspect 
of the present invention. 

The tool may be a down-hole tool, e.g. for use in a 
borehole of an oil/gas well. 
20 The tool may comprise part of a borehole drilling 

apparatus, which may include a down-hole motor such as a 
Moineau motor of a motor as disclosed in WO 95/19488, che 
content of which is incorporated herein by reference. 

The first body may be rigidly mounted to a shaft to 
25 which load is applied, in use. 

The shaft may be contained substantially 
concentrically within the bearing assembly/unit. 

The second body may be rigidly mounted to a housing. 

The housing may substantially concentrically surround 
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the bearing assembly/unit . 

Advantageously, adjacent first bodies are 
longitudinally spaced by a first spacer element, which may 
also be mounted on the shaft. 
5 Advantageously also, adjacent second bodies are 

longitudinally spaced by a second spacer element, which may 
also be mounted on the housing. 

An embodiment of the present invention will now be 
described, by way of example only, with reference to the 
10 accompanying drawings, which are: 

Fig. 1 a portion of a down-hole tool including a 

bearing assembly according to an embodiment of the 

present invention ; 

Fig. 2 a perspective view of a portion of the bearing 
15 assembly of Fig. 1. 

Referring initially to Fig. 1 there is illustrated a 
portion of the down-hole tool, generally designated 5, 
according to an embodiment of the present invention. The 
cool 5 may cake the form of a borehole drilling apparatus . 
20 The tool 5 includes a bearing unit (pack) 10 comprising a 

series of adjacent bearing assemblies 15 - in this 
embodiment chree assemblies 15 are provided. 

Each bearing assembly 15 has two anti- friction bearing 
elements 400 spaced by a first body 500, the first body 500 
25 having means for flexing. Thus, when a load is applied cc 
the bearing assembly 15, the first body 500 is caused to 
flex. In this embodiment the flexing means comprise a: 
least one groove 510 formed on the first body 500. 

The first body 500 is substantially annular in shape, 



5 

the at least one groove 510 being formed on an oucer 
surface of the first spacer body 500. As can be seen front 
Figs. 1 and 2 the groove 510 is substantially U-shaped. 

The first body 500 is rigidly mounted to a shaft 600 
5 to which load is applied, in use, the shaft 600 being 
substantially concentrically contained within the bearing 
unit 10. The shaft 600 may be hollow and may have a 
socket 610 for connection, e.g. to a drill bit or the like 
(not shown) . 

10 A first annular surface 610 of the first body 500 is 

provided with a first raceway 620. Further a second 
annular surface 630 of the first body 500 is provided wich 
a second annular raceway 640. The first and second 

bearing elements 400 each comprise a plurality of balls, 

15 the first and second bearing elements 400 being received 
for movement within the first and second annular raceways 
620, 640 of the first body 500. 

The bearing unit 10 comprises a plurality of bearing 
assemblies 15. Each adjacent bearing assembly 15 are 

20 spaced by a second body 200. Each second body 200 is 
substantially annular in shape. The second bodies 200 are 
rigidly mounted to an outer housing 100 zo which load is 
not (directly) applied, in use. 

A first annular surface 650 of each second body 200 is 

25 provided with a first annular raceway 560. A second 
annular surface 670 of each second bodies 200 provided 
becween adjacent assemblies 15 is provided with a second 
annular raceway 680. Second bodies 200 provided at ends 
of the unit 10 are only provided with one raceway 660. 
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In this way respective first and second receiving elements 
400 are received for movement within the first and second 
annular raceways 660, 670 of the second spacer body 200. 

Referring to Fig. 1 the second bodies 200 are rigidly 
5 mounted to a housing 100. The housing 100 substantially 
concentrically surrounds the bearing unit 10. 

A first raceway 620 of the first spacer body 500 faces 
a second raceway 680 of a second body 200. Similarly a 
second raceway 640 of the first body 500 faces a first: 
10 raceway 660 of a second body 200. 

As can be seen from Fig. 1 the first bodies 500 are 
longitudinally spaced along the shaft 600 and separated by 
first spacer elements 700 which may be rigidly mounted to 
the shaft 600. Further as can be seen from Fig. 1 the 
15 second bodies 200 are longitudinally spaced along the 
housing 100 and separated by second spacer elements 300 
* which may be rigidly mounted to the housing 100. 

It is noted that the shaft 600 is free to rotate 
relative t o the housing 100. Thus the first bodies 5 0 Z 
20 may rotate relative to the second bodies 200. 

The components of the tool 5 may, in this embodiment 
be made from the following materials: 

housing 100 - steel 

25 second bodies 200 - hardened steel 

second spacer elements 300 - steel 

bearing elements 400 - hardened steel 

and/or ceramic 

30 first spacer bodies 500 - hardened steel 
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shaft 600 - steel 

first spacer elements 700 - steel 

5 In use, the flexibility of each bearing assembly 15 

provides load sharing throughout the bearing unit 10. 
This flexibility is imparted by the grooves 510. As a 
(thrust) load F is applied to the shaft 600 a first body 
500 deflects or flexes under the load F seeking to ensure 

10 that the next first bodies 500 are suitably positioned such 
that some of the load is then transferred through the 
adjacent inner spacer 700 to the next first body 500 and so 
on. This seeks to ensure that the load F is spread evenly 
between the bearing assemblies 15 in the unit 10, and is 

15 not supported by a single bearing assembly 15. Thus the 
load F is distributed in a way which is not possible using 
known rigid bearing assemblies. As each body 200, 500 is 
double sided the load F may be either tensile or 
compressive. In either case the load F will be shared 

20 over each of the bearing assemblies 15 of the unit 10. 

It will be appreciated that the embodiment of che 
present invention hereinbefore described is given by way of 
example only, and is not meant to limit the scope of che 
invention in any way. It will, for example, be understood 

25 that the number of bearing assemblies forming a bearing 
unit may be selected to provide a desired load capacity. 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 


Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 


U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 


IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


BEST AVAILABLE IMAGES 



